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O^THOD OF PREPARING GROUP III-V COMPOUND SEMICONDUCTOR 
CRYSTAL 




BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a method of preparing a group III-V compound 
semiconductor crystal[. Particularly,! , and particularly a carbon-doped [the present 
invention relates to a method of preparing a] group III-V compound semiconductor 
crystal [in which], [carbon is doped.] 

2. Description of the Background Art 

Conventionally, there are various prior [arts as set forth in] art [the following regarding 
the method of preparing a group] methods for preparing a carbon-doped group III-V 
compound semiconductor crystal [in which carbon is] , as set forth in the following 
described publications, [doped.] 

[In] Japanese Patent Laying-Open No. 64-79087 (referred to as "prior art 1 " 
hereinafter)!,] discloses a method of preparing a carbon-doped GaAs single crystal 
according to the gradient freeze method or horizontal Bridgman method (HB method). [,s 
disclosed.] FIG. 6 is a diagram for describing a method of preparing a carbon-doped 
GaAs single crystal according to prim art 1 . Referring to FIG. 6. a graph.te boa. 5 1 as a 
carbon source is arranged at one side in a quartz ampoule 55. Raw material which is 
gallium (Ga) 52 is provided in graphite boat 51 . Arsenic (As) 57 is provided at the other 
side in quartz ampoule 55. Quartz ampoule 55 is sealed in vacuum and then installed ,n 
an electric furnace to be heated. After the GaAs raw material is synthesized, the 
, temperature is reduced maintaining a constant temperature gradient, whereby a GaAs 
single crystal is grown. 
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The carbon of graphite boat 5 1 reacts with oxygen supplied from As 2 0 3 . Ga 2 0 and the 
like remaining in quartz ampoule 55 to result in the formation ./gas of CO. C0 2 and the 
like |to be] which is doped into the growing GaAs crystal. It is described that the doping 
amount of carbon can be controlled according to the total amount of oxygen in the sealed 
quartz ampoule 55, the synthesization reaction condition, or single crystal growth 
condition, and the like. 

[in] The Journal ofthe Japanese Association of Crystal Growth, 1991, Vol. 18, No. 4, pp. 
88-95 (referred to as "prior art 2" hereinafter^,] discloses a method of preparing a 
carbon-doped GaAs single crystal by the vertical gradient freeze method (VGF method) 
[is disclosed]. FIG. 7 is a diagram for describing a method of preparing a carbon-doped 
GaAs single crystal according to prior art 2. Referring to FIG. 7. raw material 62 
[having] which has carbon doped therein in advance, and which was directly 
synthesized by the LEC method, and boron oxide (B 2 0 3 ) 64 are provided in a crucible 61 
and sealed in vacuum in a quartz ampoule 65. This is installed in a vertical furnace and 
heated to melt the raw material and boron oxide. By reducing the temperature in the 
furnace while maintaining a constant temperature gradient, a GaAs single crystal is 
grown. 

Here, boron oxide containing 200 ppm o/water [of 200 ppm] spreads around only the 
periphery ofthe upper surface of GaAs melt 62. The center area ofthe upper surface of 
GaAs melt 62 is exposed to the ambient. According to the method of prior art 2. the 
upper surface ofthe melt must be exposed to the ambient to control the stoichiometry of 
the GaAs melt. The vapor pressure in quartz ampoule 65 is controlled by arsenic 67. 

5 

According to this method, the carbon concentration ofthe crystal depends on the carbon 
concentration ofthe raw material. [In] U.S. Pat. No. 4,999.082 (referred to as "prior art 
3" hereinafter^,] discloses a method of preparing a carbon-doped GaAs single crystal by 
the vertical Bndgman method. (VB method) [is disclosed.] FIG. 8 is a diagram for 
0 describing a method of preparing a carbon-doped GaAs single crystal according to prior 
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Referring to FIG. 8. a crueible 71 is tilled with GaAs raw material 72. Alter carbon 
source 73 is arranged outside of crucible 71. a quartz ampoule 75 ,s sealed. Quartz 
ampoule 75 is placed in a vertical furnace and heated to melt the raw material. The 
furnace is moved upwards while substantially maintaining the set temperature profile. By 
solidrfving the raw material from a seed crystal 77. a GaAs single crystal is grown. 
According to this method, carbon source 73 is in fluid communication with compound 
raw material 72 to allow gas transfer. 

Japanese Patent Laying-Open No. 3-252399 (referred to as "prior art 4" hereinafter) 
discloses a method of preparing a semi-insulating GaAs substrate. Prior art 4 is 
characterized in that the impurity which becomes the acceptor is doped so as to result in 
l~3xl0 15 atoms/cm 1 after subtracting the concentration of the impurity which becomes 
the donor in a GaAs crystal. 

lapanese Patent Laying-Open No. 2-74597 (referred to as "prior art 5" hereinafter) 
discloses a chromium- doped semi-insulating GaAs single crystal and a method of 
preparing the same, [thereof.] This prior art 5 is characterized in that carbon is contained 
[having] in a concentration n c that satisfies both the relations of: 

I 

lxlO'W^n c <n s , and n sl - n c £ 4.4x1 0'W 

for the residual Si concentration [of] n, remaining in the single crystal, with the 
resistivity of at least 10 6 Q • cm. 

The above-described prior art methods have various disadvantages. In prior art 1. boron 
oxide is not used. Therefore, impurity contamination can be expected. Furthermore, since 
,he amount of the carbon source cannot be controlled in this method, it is difficult to 
control the carbon concentration. 
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,„ prior art 2. carbon canno, be doped during .he crystal growth stnee a carbon source ,s 
not used There is a problem that the carbon concentration canno. be adjusted dunng 
crysta. preparation. Funhermore. a par. of the carbon in the GaAs me,, reacts w„h 
oxvgen. [.ha.] .hid, is generated as a result of the water in .he boron ox.de 
decomposing, to be lost as CO gas. [There was, A, a result, there „ a problem .ha. the 
carbon eoneentrat.on in the GaAs crystal is lowered. 

In prior an 3 i. is difficult .0 control .he carbon concen.ra.ion since .he carbon source ,s 
,„ cat ed ou.s.de .he crucib.e. Funhermore. impuri.y contam.nation can be expected stnee 
boron oxide is not used. 

■ „ prior an 4. carbon is rec.ed as .he impuri.y serving as .he aecep.or. However, only .he 
dop tng of zinc and copper is disclosed as the example. There is no description of carbon 
doping. 

Prior an 5 describes a chrom,um-doped sem.-tnsulating GaAs single crys.a, c„n<a,n,ng 
carbon. However, this prior an 5 is silent abou. .he me.hod of doping carbon. 



20 SUMMARY OF THE INVENTION 

,„ view of .he forego.ng, an o b] ec. of .he presen. invention is .0 prov.de a method of 
preparing [in], high reproducibility, a carton-tope, group I.I-V compound 
semiconductor crystal [of] favorable electrical characteristics ana having 

25 impurities removed .herefrom [and, in which .he amoun. of doped carbon can easily be 
adjusted during crystal growth. 

(According ,0 an, One aspec. of .he presen. invention,.] proves a me.hod of preparing a 
„roup II.-V compound semiconductor crystal, [is provided.. This me.hod of preparing a 
30 group II1-V compound semiconductor crystal having carbon doped therein includes the 
steps of filling a crucib.e or boat with compound raw material, solid carbon, and boron 
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oxide; sealing the crucible or boat filled with compound raw material, solid carbon, and 
boron oxide in an airtight vessel formed of a gas impermeable material; heating and 
melting the compound raw material in a sealed state in the airtight vessel; and solidifying 
the melted compound raw material to grow a carbon-doped compound semiconductor 
5 crystal. 

Since the crucible or boat is filled with compound raw material, solid carbon, and boron 
oxide according to the present invention, the boron oxide softened by heating is brought 
into contact with at least a portion of the solid carbon in the state where the compound 
1 0 raw material is melted. 

According to the present invention, the carbon concentration in the initial raw material 
does not have to be adjusted since carbon can be doped into the material during crystal 
growth. Good controllability of the carbon concentration is obtained. In other words, the 
1 5 target carbon concentration can be obtained [in] with high reproducibility. By using 

boron oxide which has an impurity removal effect, the contamination of impurities in the 
crystal can be suppressed to obtain a crystal of favorable electrical characteristics. 

Quartz or pBN (pyrolytic boron nitride) and the like can be enumerated as the 
20 gas impermeable material. 

Preferably, the boron oxide contains water. This is because the water in boron oxide is 
essential to remove impurities. Furthermore, it is considered that the water in the boron 
oxide effects the incorporation of carbon into the crystal. [Boron] The boron oxide 
25 preferably contains [water of] 1 0-500 wt ppm[.] of water. 

In the present invention, the amount of solid carbon to be filled into the crucible is 
preferably larger than the amount of carbon to be doped into the compound 
semiconductor crystal. This is to promote reaction using an excessive amount of carbon 
30 since the reaction rate of solid carbon is extremely low. Furthermore, an additional 

amount of carbon must be supplied to make up for the consumption of [the] part of the 
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solid carbon [a. the, te gas generation of the carbon compound. |must be supplied.. Thus, 
bv usmg solid carbon of an amount larger than the total amount of carbon doped mto the 
crystal the advantage of the present invention works effectively. Specifically, the 
amount of solid carbon must be at leas, ten times, preferably a, leas. 100 times larger than 
> the weight of the carbon doped into the crystal. 

In the present invention, .. is preferred that the sohd carbon is subjected to a heat 
treatment under reduced pressure before being filled in the crucible or boat. By tins 
process, fthe] any impurity element remainmg in the carbon is removed to result ,„ a 

0 crystal of higher purity. The pressure >n applying [a] the hea, treatment Ion] to the 

carbon ,s preferably from 1 Torr to 1x10 s Torr. The appropriate temperature of the heat 
treatment is 500° C. - 2000° C. The above-described effect can be obtained by carrymg 
out the heat treatment for at least one hour. It was found that a greater effect can be 
obtatned as the time for the heat treatment becomes longer. However, there is very tattle 

1 5 further change in the effect when the time for the heat treatment exceeds 1 2 hours. 
Considering that the cost for production is increased as the time for the heat treatment 
becomes longer, the time period for the heat treatment of not more than 12 hours ,s 
appropriate. 

20 In the present tnvent.on, it is preferable to keep the compound raw material in its melted 
state for a certatn time period before it is solidtfied for crystal growth. By thts process, 
the tmpunties of Si and the like in the GaAs polycrystalltne raw material can be removed 
by gettenng with boron ox.de. Although Si of approximately Ixlo'W 3 is included as 
impurities tn the raw matenal syn.hes, Z ed by the HB method, .he amount of S, m the 

,5 GaAs subjected to the above-deseribed process ,s less than 1x10' W. which is below 
the detection limit of an analyzer. Si of an amount over 1x10' W was detected trom 
those samples not subjected to the above-described process. 

Thus carbon can be sufftciently melted in the GaAs melt from the solid carbon by the 
30 above-described process. This process also provides the advantage that the temperature of 
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the GaAs melt is stabilized, and the carbon concentration and impurity concentration in 
the melt can be made uniform. 

The above-described effect can be obtained when the holding time period in the melted 
state of raw material is at least 3 hours. Further favorable characteristics can be obtained 
stably when the holding time is at least 6 hours. Although a greater effect can be obtained 
as the holding time becomes longer, the degree of change in the effect gradually becomes 
smaller when the holding time period exceeds 36 hours. There is very M\e further 
change in the effect when the holding time exceeds 72 hours. Considering that the cost 
for production becomes higher as the holding time is increased, the holding time is 
preferably not more than 72 hours, further preferably not more than 36 hours. 

In the present invention, powder carbon can be used as the solid carbon. Powder carbon 
is advantageous in promoting the reaction due to its greater specific surface area. Increase 
in the reaction speed allows carbon to be doped efficiently in the crystal. 

Also, the amount of carbon to be doped into the crystal can easily be adjusted according 
to the grain size, the weight, and the like, of the [used] powder being used. For example, 
powder of a smaller grain size has a greater specific surface area to increase the reaction 
speed, whereby the amount of doped carbon is increased. Therefore, the grain size of the 
powder carbon is preferably smaller. More specifically, the average grain size is 
preferably not more than lOOum, more preferably not more than 50um. When powder 
carbon is used, the powder carbon spreads in the boron oxide which is softened by 
heating in the state [where] in which the compound raw material is melted. 

In the present invention, fiber carbon, as well as powder carbon, can be used as the solid 
carbon. Fiber carbon is advantageous in that the diameter of the fiber is small and a 
greater surface area can be obtained to result in a faster reaction speed. It is therefore 
possible to dope carbon into the crystal efficiently. Also, the amount of carbon doped into 
) the crystal can easily be adjusted according to the diameter or weight of the fiber that is 
used. Uniform distribution of the carbon concentration can be obtained from the shoulder 
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to ,he mi. of the prepared crystal when fiber carbon is used. The diameter of.be fiber 
carbon is preferably smaller. Specifically, the average diameter ,s preferably not more 
than SCun. more preferably not more than 10pm. Usage of fiber carbon allows carbon to 
spread in ,he boron oxide [that] wkkk is softened by heating in the state | where] « 
M the compound raw material is melted. Also, the carbon can float above ,He boron 
oxide [to] and thereby be exposed to the ambient. 

,„ the present invention, bulk carbon can be used as *, solid carbon, in addition to 
powder carbon and fiber carbon. Bulk carbon is advantageous in that the amount of 
carbon to be doped in the crystal can eastly be ad )U sted by the weight and configurate 
of the carbon used. Uniform distribution of carbon concentration can be ob.amed from 
the shoulder to the tail of the prepared crystal when bulk carbon is used. 

Bulk carbon is preferably used in a disk shape that ,s smaller than the inner d.ameter of 
the crucible. The amount of doped carbon can eastly be controlled by the dtameter of the 
disk The bulk solid carbon ,s preferably a sintered compact of carbon powder. The 
reactron speed ,s particularly high for the sintered compact of powder havtng htgh 
porosity. Sintered carbon powder ,s advantageous in distributing carbon umformly m the 
crystal. When bulk solid carbon is used, a state can be obtained in whrch a, least a portion 
) of the bulk solid carbon is immersed in the softened boron oxide. 



,n the present invention, the crucible or boat ,s preferably formed of P BN (pvrolytic 
boron nitride). Depending upon the constituent [element] eleven* of the crucible or 
boat there is a possibility that boron oxide or carbon reacts with the crucible [to induce] 
and induces contamination of the raw material melt. pBN is most appropriate as the 
material of the crucible or boat to suppress reaction with boron oxide or carbon. 

The present invention is particularly effective as a method of doping carbon into a QaAs 
crystal. 
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The foregoing and other objects, features, aspects and advantages of the present invention 
will become more apparent from the following detailed description of the present 
illvent io„ when taken in conjunction with the accompanymg drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a diagram for describing an example of a method of preparing a group Hl-V 
compound semiconductor crystal according to the present invention. 

FIG. 2 is a diagram showing the state of carrymg out crystal growth us.ng a varied 

furnace. 



FIG. 



3 is a diagram for describing another example of a method of preparing a group III- 
,5 V compound semiconductor crystal aecordingto the present invention. 

m 4 ,s a diagram for describing a further example of a method of preparing a group III- 
V compound semiconductor crystal according to the present invention. 

20 FIG. 5 is a diagram for describing each portion of a crystal. 

FIG 6 ,s a diagram for describing a method of preparing a carbon-doped group 1II-V 
compound semiconductor [crystal] s.ngle crystal according to an example ot poor art. 

, 5 piG 7 is a diagram for describing a method of preparing a carbon-doped group 1I.-V 
compound semiconductor [crystal] single crystal according to another example ot pr,or 

art. 

F,G 8 is a diagram for describing a method of preparing a carbon-doped group UI-V 
30 compound semiconductor [crystal, single crystal accordmg to a further example of poor 
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DEW/ZED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
EXAMPLE 1 

FIG 1 is a diagram for describing an example of preparing a group lll-V compound 
semiconductor crystal according to the present invention. Referring to FIG. 1 . CiaAs 
noncrystalline raw matena, 2, carbon powder . 3 ,W„W, „«s been subjected to heat 
treatment under reduced pressure in advance, boron oxide (B.O,) Aforn,in g . boron 
1 0 oxide layer 4b and a boron oxide film 4a as described be,o W . and a seed crystal 7 were 
p,aced in a pBN cructble 1. The seed crystal 7 was placed a, (he bottom portion of the 
crucible 1 In crucible 1 . [arrangement was provided so] ,He materia,* .ere so arranged 
that carbon powder ,3 and boron oxide 4 were brought into contact w,th each other, and 
a,so boron oxtde 4 and raw materia, 2 we brought tnto contact with each other ™hen the 
1 5 raw material was melted. 

Crucible 1 was inserted in a quartz ampoule 5 together with solid arsenic. Ampoule 5 was 
sealed under reduced pressure with a quartz cap 6. 

20 Respective conditions of Example 1 are shown in the following Table 1 . 

TABLE 1 



GaAs 
polycrystal 

(raw material) 3 kg used 



Carbon powder 



350 mesh (grain size 45 urn and below), 



100 mg used 

Heat treatment at 1000° C. for 6 hours at 
the pressure of 1 0"' Torr 
B q Water concentration 50 wt ppm, 50 g used 

P BN crucible Inner diameter 80 mm. entire length 250 min 
Solid arsenic 1 g used 
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Referring to FIG. 2, the above-described quartz ampoule 5 was heated at the rate of 
approximately 200° C./hour by a heater 8 [using] in a vertical furnace 50. During this 
process of heating, boron oxide 4 was softened and melted. Also, GaAs polycrystallinc 
raw matenal 2 was melted. At this time point, boron oxide 4 was present as a him 4a 
havingathicknessoflessthan 1 mm between P BN crucible 1 and GaAs raw material 
melt 2. The remainder of boron oxide 4 covered the upper surface of GaAs melt 2[. The 
thickness of the] as a boron oxide layer 4b [covering the upper surface of GaAs melt 2 
was] having a thickness ./approximately 5 mm. Carbon powder 1 3 was dispersed in this 
boron oxide layer 4b[.] , as shown also in Fig. 1. 

The condition mentioned above was [kept] maintained for approximately 36 hours. 
Then, heater 8 was moved upwards at the rate of 4 mm/hour, whereby solidification 
started from the portion of seed crystal 7. Thus, a single crystal was grown. The 
characteristics of the obtained single crystal [is] are shown in the following Table 2. 



TABLE 2 



30 



Crystal diameter 

Length of <p80 mm portion 

Carbon concentration 

Resistivity 

Dislocation density 



80 mm 
100 mm 
Shoulder 
Tail 

Shoulder 
Tail 

Shoulder 
Tail 



1.4 x 10'_cm" 
0.8 x 10 15 cm" 3 
2.9 x 10 7 Qcm 

1.5 x 10 7 Qcm 
900 cm" 2 
1200 cm" 2 



In the present specification, the "shoulder" and "tail" of a crystal [corresponds] 
correspond to the relevant portions shown in FIG. 5. 



The role of solid arsenic (As) sealed under reduced pressure in the quartz ampoule in the 
35 present example is set forth in the following. The dissociation pressure at the melting 
point of GaAs is approximately 1 atm. When GaAs is melted, the airtight vessel is filled 



11 



0 

Marked-Up Unoffici#opy of Reissue Specification ^ ^ |2%7 . ()()20(1 , 

with As vapor of approximate., , an, a, the temperature of the ■*.«»„ point. This As 
vaporis generated m ^^C,^^^^^^ 
comp „s iti on of the GaAs nre.t is shifted from the origin., compostfon o Ga:As-U 
Ga L compos.tio, By seaimg soi.d arsen.c in the o,uartz ampou.e ,n addn.on to GaA 
,he shift from the eomposttion of Ga:As-l:l caused by deco m pos„,on o, the OaA. me,, 
can be suppressed. 



EXAMPLE 2 



,0 m-y.^^^^^^^^lT^ 
Vconrpoundsetntconductorcrystaiofthepresen.nrvenhon.RefernngtoF,^ 

poly crsta,,,nera^^ 

; m , 0 „ s ^^,a„daseederys t a 1 7 W erep.aeed,napBNcruc 1 b 1 e,. S eed 

broughttntocontaetwitheaehotherwhentherawtnateriaiwasnreited. Cr ctbie .a 
Jed ,n a q uart Z ampou,e 5 together w„h so.id arsemc. Quartz ampou,e 5 was seaied 
20 under reduced pressure with a quartz cap 6. Respective conditions of Example are 
shown in the following Table 3. 



TABLE 3 



GaAs 
polycrystal 

(raw material) 10 kg used 

^rboTfibeT A^er^di^erT^^m^ 

Carbon ^ ^ ^ QO c for 3 hours at 

the pressure of 10"' Torr 
B ,0, Water concentration 70 wt ppm, 1 00 g used 

pBN crucible Inner diameter 105 mm. entire length 400 mm 
Solid arsenic 1.5 g used 
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Quartz ampoule 5 was heated at the rate of approximately 120° C./hour by a heater 8 
[using] in a vertical furnace 50, as shown in FIG. 2. During the process of heating, boron 
oxide 4 was softened and melted. Also. GaAs polycrystalline raw material 2 was melted. 
At this time point, boron oxide 4 was present as a film 4a having a thickness of not more 
than 1 mm between pBN crucible 1 and GaAs melt 2. The remainder of boron oxide 4 
covered the upper surface of the GaAs melt[. This] 2 as a boron [oxide layer 4b covering 
the upper surface of GaAs melt 2 was] oxide layer 4b having a thickness of 
approximately 5 mm. The carbon fiber 23 was partially dispersed in boron oxide layer 4b 
on GaAs melt 2, and partially floated. Furthermore, a portion of carbon fiber 23 was 
present also at the proximity of the interface between GaAs melt 2 and boron oxide layer 



4b. 



Then the condition mentioned above was [kept] maintained for approximately 12 hours. 
Then, heater 8 was moved upwards at the rate of 3 mm/hour, whereby solidification 
started from the portion of seed crystal 7. Thus, a single crystal was grown. The 
characteristics of the obtained single crystal are shown in the following Table 4. 



TABLE 4 

20 

Crystal diameter 
Length of q>105 mm portion 
Carbon concentration 

25 Resistivity 

Dislocation density 



30 

EXAMPLE 3 



105 mm 

200 mm 3 

Shoulder 6.5 x 10 ; \cm 

Tail 7.0x10' 'cm 0 

Shoulder 4.1xl0 s Qcm 

Tail 5.0xl0*Ocm 

Shoulder 800 cm" 2 

Tail 1500 cm" 2 



35 



A carbon-doped GaAs single crystal was grown using 20 mg of carbon fiber similar to 
that of Example 2. The other conditions of the experiment [are] were identical to those of 
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Example 2, and their description 
single crystal are shown in the following Tabl 



will not be repeated. The characteristics of the obtained 



TABLE 5 




EXAMPLE 4 

A carbon-doped GaAs single crystal was grown using 7.5 mg of carbon fiber similar to 
those of Examples 2 and 3. The other conditions [are] »ere identical to those of 
Examples 2 and 3, and their description will not be repeated. The characteristics of the 
obtained single crystal are shown in the following Table 6. 



TABLE 6 



Crystal diameter 

Length of q>105 mm portion 

Carbon concentration 

Resistivity 
Dislocation density 



105 mm 
200 mm 
Shoulder 
Tail 

Shoulder 
Tail 

Shoulder 
Tail 



1.3 x KrcnT 

1.2 x 10 15 crn 3 
2.5 x 10 7 Qcm 

2.3 x 10 7 Qcm 
1500 cm' 2 
2000 cm" 2 
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casi 

the present invention. 
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EXAMPLE 5 



F ,0 4 is a diagram for describe another exa m ple of a method of prepanng a group 

f.r^l? a disk 43 made of sintered carbon powder 
4 GaAs noncrystalline raw material 2, a disK 4J mau 

' la 7 were piaced ,» a pBN crt,c,b,e , . Seed c.sta, 7 - piaeed a, *e bottom port.o 
l b o ro no X ,de4a n d raWm a l ena 12w e rebt o U g h , te oeo„ t ac tWith eac h o te « h e„ to 



raw material was melted. 



Thi scrudb,e, was inserted ina q ua«^^ 
20 of [example 4] example 5 are indeed in the foi.owing Tabie 7. 



TABLE 7 



25 GaAs 

polycrystalline 
raw material 



Carbon disk 



B 2 0 3 

pBN crucible 
Solid arsenic 



-^Ia^eTe730Tn^thto 
Heat treatment at 1 500° C. for 12 hours at 

the pressure of 1 Torr 

Water concentration 300 wt ppm, 50 g used 
Inner diameter 80 mm. entire length 250 mm 
1 g used 
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The above-described quartz ampoule 5 was heated at the rate of approximately 200° 
C /hour by heater 8 [usmg] in a vertical furnace 50. During .he process of heatmg. boron 
oxide 4 was softened and melted. Also. GaAs polycrystalline raw material 2 was melted. 
A, this time point, boron oxide 4 was present as a film 4a having a thtckness ol less than 
, mm between pBN crucible , and GaAs melt 2. The remainder of boron oxide 4 covered 
the upper surface of GaAs melt 2[. The thtchress of the] as a boron |oxidc layer 4b 
covering the upper surface of GaAs melt 2 was] ax* layer 40 „a,in g a filch** »J 
approxtmately 6 mm. Carbon disk 43 had its bottom surfaee in contact with raw ma.erta. 
mel, 2. and tts top surface exposed to the ambient. The side surface thereof was 
surrounded by boron oxide layer 4b. 

The condition mentioned above was [kept] maintained for approximately 6 hours. Then, 
heater 8 was moved upwards at the rate of 4 mm/hour, whereby solidification started 
from the portion of seed crystal 7. Thus, a single crystal was grown. The characteristics 
of the obtained single crystal are shown in the following Table 8. 



Crystal diameter 
Length of q>80 mm portion 
Carbon concentration 

Resistivity 

Dislocation density 



TABLE 8 

) mm 
100 mm 
Shoulder 
Tail 

Shoulder 
Tail 

Shoulder 
Tail 



6.8 x 10'" cm" 

7.1 x 10 l5 cm' 3 
4.5 x l() 8 Qcm 

5.2 x 10 8 Qcm 
1200 cm" 2 
1500 cm" 2 



in a semi-tnsulatrng GaAs crystal, the reststtvtty is one of the most important 
character,*, I. is preferable that variation ,n resrsttvity is smaller. Furthermore, stnee 
th ,s reststivtty value depends on the carbon concentration in the GaAs crystal, varia.ton m 
the carbon concentration in the crystal should be as small as posstble. 
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crystal. It is appreciate _ n Lxample 5, 

powder. 

rfl// l« S ,n tnetypeofsolid carbon, shown in t „e « Tank , 



Carbon distribution in a crystal 

from shoulder to tail 

Gradual decrease of carbon from 

shoulder to tail 

Uniform distribution of carbon 
from shoulder to tail 
Uniform distribution of carbon 
from shoulder to tail 



f in a GaAs crystal between the present invention 
Comparison of the carbon concentration in a GaAs crvst 

and the prior art is shown in the following Table 10. 
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TABLE 10 



vstal 



Carbon concentration 



Shoulder 



Tail 
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A , th „ ug h the p re se„,inve„t,o„ has been descnbed and iU^ed in detail. « 1S c,ea r y 

by way of itaitation, the sptrit and scope of the present tnvenuon be.ng hnt.ted only by 

the terms of the appended claims. 



Marked-U P Unoffici#opy of Reissue Specification ^ ^ ^ p967 . 0()2001 
What is claimed is: 

,. A m e,hodof preparingacarbon-doped group U.-V compound semiconductor 
crystal, comprising the steps of. 

p ^„ g aco raP oundrawma t e„a 1 .s„ ll dca rt o,a„da b oro„ox i desu tel ancei„,o 

a crucible or a boat, 

sealing sa,d crucibie or boa, containing said compound [Law, ™» matenai. S aid 

impermeable material, 

neattng and melting sa,d compound raw materia, in said crucible or sa,d boa, 
sealed within said airtight vessel, and 

1 5 solidifying said melted compound raw matenai to grow a carbon-doped 

compound semiconductor crystal, 

wh e re ,nanamou„,of S aids„.idcarbo„ P ,acedin,osa,dcruc,bleor Sa ,dboa,i S 

2 The method of prepanng a carbon-doped group l.I-V compound sem.conducor 
ole substance and havtng said melted boron oxide substance ,n c„n,ac, w,th at leas, a 
material. 

3 Theme,hodo f prepari„gacarbon-doped 8 roupn,-Vc„mpoundsem,conduc,or 
crysta , a ccord,n g ,oc,, m ,.whereinsa,d g asi m p CT meab 1 e ma ,er,a,co m prtsesama,er,a, 

30 selected from the group consisting of quartz and pBN. 
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u orouD IH-V compound semiconductor 

— — --- 



and water. 

5. The 



of said water. 



i n . ned , roup HI-V compound semiconductor 



cruci 



compound semiconductor crystal. 

, -Hine to claim 1, further comprising a step of subjecting 
or said boat. 

hollrs a t a Km pe ral u t ec f5 00"C.-2000»C.unde t ap reSSUre o« 1 Tc II 

5 compound raw material ma melted state tor 

s „,,dify,ng said melted raw ma.erta. to grow said crystal. 

^Themetltodofptepatingacatbomdopedgroopm-Veompcund 
sem—c^ 
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U.Themethodofprep^^ 

Him, to claim 1 wherein said solid carbon comprises powder 
semiconductor crystal according to claim l, wne 



carbon. 



n The method of preparing a carbon-doped group HI-V compound 

grain size of not more than 100 urn. 

13 The method of preparing a carbon-doped group 1II-V compound 

carbon. 

,4 Themethodofprepartngacarbon-dopedgroupHI-V compound 

1 5 average diameter of not more than 50 urn. 

,5 The method of preparing a carbon-doped group UI-V compound 
.eonductorcrvstaUccord.ngtociatm where, sa.d S o„d carbon compnses bu* 



semn 
carbon. 
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16 The method of preparing a carbon-doped group 1II-V compound 

Wlt h a dtsk drameter sma.ier than an mner diameter of satd crucbie. 

,7 The method of preparing a carbon-doped group III-V compound 
^condnctorcrystaiaccordmgtocia.mtS.where.nsa.dbu, carbon compnsesa 

sintered compact of carbon powder. 

18Am ethodofprepar,ngacarbon-doped group „,-V compound semiconductor 
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MarUed-Up Unofflc#opy of Reissue Specification No , , 2% ,-0O20O, 

crystal. 

semiconductor crystal according to c.ann 1, cartte out ^ ^ 

M 8 ,,3%betweenalowestcarbonc„ncen, ra t,onandarughes, 
relative to said lowest carbon concentration. 

«my3nsin|^^ 7\, nnm : na i domnjLPOtmtoLoisaid 

£ *m«im a5 2g^^ 

H.vM-c^^ 

^aaljffldjhebott^^ 
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^^^^ 
l S vei 2 jjar!m<i^^ 

leveLofcart^^ 

26A_erticaL^LS^ TTTTTTrrucible with 

se^ry^alandth^^ 

*h of single crvstal^em^^ 
22J[erticjdj2^^ , said charge 

inanaA^rowiLingot 
30 a££2r ^i^^^ 
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aiLa^firo^aiingot 

ua f,„vnfphimsl-?2whereinsuffi^ 
3j^jliejnethodofany^ — ~ u 

^edhLsaidcrucible_oi 
CTirfflj^l^ compound. 
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a vertical furnac e, 
15 c^ndu£tedin^Mc^Lfoma^ 

r i ■ o 1 o nr 1 8 - 22 whereinsaid_s^lidcaTb^^ 

powdered carbon. 

semiconductor _comEound, 
25 a vertical furnace. 

c i • o t i n nr 1 8 - 22 whe rein said solid xarbgnjyi 
37^Thejnethodofa^ 

carbon fibers. 

3 iU h SJE et> K5 do^^ 
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semicwiductoLCon^ 
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Abstract 

A method is provided for preparing. w,.h high reproducibiU.y. a carbon-doped 
grou p I1I-V compound semiconductor crystal having favorab.e electrical characteristics 
and having impurities removed therefrom, and in which the amount of doped carbon can 
be adjusted easily during crystai growth. This method induces the steps of: idling a 
crucible with compound raw materia., soiid carbon, and boron oxide; sealing the tilled 
crucible rilM. « 'essetfo^ofa gas impermeable material: heating and 

m e,«ing the compound raw material under the sealed state in the airtight vessel: and 
solidifying the melted compound raw material to grow a carbon-doped compound 
semiconductor crystal. 
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